


































































































































科植物に共通するカラシ油配糖体という二次代謝物質が(e.g.Ettlinger & Kjaer， 
1968; Hedge， 1976)、耐性をもたない植食者に対しては低濃度で毒性を示すが
但rickson& Feeny， 1974; Blau et al.， 1978)、アブラナ科植物群に特殊化した植食者
には寄主植物の探索や産卵、摂食に不可欠な刺激物質として利用されている事














ことから(e.g.Rausher， 1984a， b;Via， 1984a， b;Weber， 1985; Hare & Kennedy， 1986; 
Futuyma & Phi1ippi， 1987 but see Via， 1986， 1991)、 トレードオフの真偽が盛んに議






Via， 1984; Futuyma & Peterson， 1985; H訂e，1990; Ohsaki & Sato， 1994)。そこで、寄
主適合性と利用の不一致は、以下に示すような寄主適合性による選択差以外の








































えるべきである(e.g.Feeny， 1976; Rhoades & Cates， 1976)ロこうした観点から、植
食者の食い付きを防ぐ表面構造(Levin，1973; Coley， 1983)や植食者の摂食・消化
























う消極的な資源再配分の結果(Bryantet al.， 1983; Bazzaz et al.， 1987)とみなせる変
化や、化学防衛への積極的な投資の結果とみなせる反応もあるほ訂han& Myers， 
1989)。後者の誘導反応は、食害状況に応じて繁殖と防衛活動への資源配分を最
適化できる合理的な防衛機構と考えられている(e.g.Karban & Myers， 1989; 
Baldwin et al.， 1990)ロそのような防衛機構を持つ植物では、防衛を誘導するため
の資源のトレードオフによって繁殖パラメータの低下がもたらされるはずであ
る。しかし、防衛の誘導にかかる適応度コストは、いまだにほとんど検出され
ていない(e.g.Brown， 1988; Simms & Rausher， 1987， 1989; Karban， 1993 but see 
Baldwin et al.， 1990)。一方では、化学防衛物質の生産や貯蔵に要する生化学的な
コストが検出されつつある(e.g.Gershenzon， 1992)。この生化学的コストと適応
度コストとの関連は現在のところは不明だが(K紅ban，1993)、防衛活動に適応度
コストがかかることは必至と考えられ(Simms& Rausher， 1987; Brown， 1988; 





信号化学物質として天敵の寄主探索行動に利用される(e.g.Price et al.， 1987;悶cke





植物とは異なる植食者の群集構造が報告されている(Stephen& Carrol1， 1982; 
Heads， 1986; Fowler & MacGarvin， 1985)ロ
以上のような多様な食害防衛機構の中から植物種がどれを採用するかは、植
物自身の生活史特性と密接に関わるはずである(Feeny，1976; Coley et al.， 1985; 
Be汀yman，1988)。例えば、植食者の活動する季節に成長や繁殖の期間を同調さ
せない植物のフェノロジーは、植食者の利用を制限し(e.g.Kinsman & Platt， 1984; 





























(L.) Medic.)、タネツケパナ (Cardaminet1exuosa Withふシロイヌナズナ
(Arabidopsis tha1iana (L.) Heynh.)、セイヨウカラシナ(Brassicajuncea (L.) Czemふ
オオパタネツケノてナ(Cardaminescu臼臼Thumb.)、ヒロハコンロンソウ(Cardamine
aP.戸'ndiculataFr. et Savふワサピ(陥sabiajaponica(Miq.) Matsumura)、スズシロソ












う共通の二次代謝物質が存在する(e.g.Ettlinger & Kjaer， 1968; Hedge， 1976)。この
低分子化合物は、耐性をもたない植食性昆虫に対しては低濃度で毒性を示すこ
とが知られる但rickson& Feeny， 1974; Blau et a1.， 1978)。
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rapae Linnaeus)、スジグロシロチョウ(Pierismelete Mene紅ies)、コナガ (Plutella
xylostella Lふヒロノぜコナガ (αunacasera Meyrick)、ヘリジロカラスノメイガ
(Evergesti.s holophaealis Hampson)、ニホンカブラハパチ (A伽 Iiajaponica K1ug)、カ
ブラハノてチ (A的aliarosae runcomis Jakovlev)、セグロカブラハノ守チ (A的'aIia
血fumataMarlat)、ダイコンハムシ (Phaedonbrassicae Ba1y)、キスジノミハムシ








































げる質的防衛物質として機能する一方でσeeny，1975; Rhoades & Cates， 1976)、カ
ラシ油配糖体を克服してアブラナ科植物群に特殊化し、それを逆に寄主植物探
索の刺激物質として利用する植食性昆虫の群集に利用されている事実は、化学




虫の群集構造が異なる事実は(e.g.Strong et a1.， 1984; Berenbaum， 1990)、共通する
化学成分を持つ植物種といえども、植物種ごとに何らかの特性の違いがあるこ






の群集構造を説明しようとする研究が相次いだが(e.g.Karban & Ricklefs， 1984; 


















































30x 30 x 25cmのプラスチック製飼育容器に入れ、それらの中に置いた鉢植えの
イヌガラシまたはダイコン (Raphanussativus var. hortensis Backer)、キャベツ
(Brassica oleracea var. capi白白し)に産卵させて卵を得た。
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表3・1植物の地上部乾燥重量(DW)の推定に用いた近似式
(植物種) (調査区面積) (成長型)* (近似式)**
ナズナ 7.0m2 (岩倉) R(WくIOcm) DW(mg)=O.068187W3 + 17 .9580 13 
R(W注 IOcm) DW(mg)=O.089191 W3-1.428899 
S DW(mg)=O.∞297667H3+1ω.50764 
9ネツケハ.ナ 3751m2 (岩倉，木野) R DW(mg)=O.048154W3+35.743255 
s DW(mg)=O.∞7414H3+5.357738 
シ口イヌナrナ 2.4m2 (修学院) R DW(mg)=O.242654W3 +4.48761 
s DW(mg)=O.∞716H3+8.∞0967 
セイヨウカラシナ 7.2m2 (桂) R DW(mg)=O.064163W3+41.789711 
S DW(mg)=O.∞108393H3+202.706166 
オハ.'Jネ7ケハ.ナ 6.8m2 (静原) R(WくIOcm) DW(mg)=O.069084W3 +7.744752 
R(W;';主lOcm) DW(mg)=O.α>969W3+108.137102 
S(Hく19cm) DW(mg)=O.O 10219H3+ 12.343442 
S(H注 19cm) DW(mg)=O.∞3434H3+147.622146 
ヒロハコンロンソウ 1.7m2 (花背) S DW(mg)=O.∞481436H斗107.394076
ワサピ 1. 1m2 (鞍馬) L DW(mg) =0. 184961L3+36.255524 
s DW(mg)=O.α>026199H3+35.915085 
スス.シ日ソウ 3.2m2 (貴船) R DW(mg)=O.119954W3+44.075312 
ST DW(mg)=1.23076H+6.514775 
S DW(mg)=1.442184H+1.771493 
I¥')サンハタサ.オ 1.9m2 (静原) R DW(mg)=O.061152W3 + 11.063964 
S DW(mg)=O.α泊532039H3+ 1 0.220959 






























































































































































植物種 壬ンシロチョウ zγゲロシロチョウ コナガ
樋食性昆虫種
tlJ/¥'コナb' ダイコンハムシ カ7'う/11¥'チ 二本ン方7'う/V¥'チ{平抱}
ナズナ o c 20.0 b 73.3 b 10.0 c 72.2 油 o d 6.7 c 26.0 
mt/l't 96.7 a 96.7 a 100.0 a 98.3 a 90.0 a 100.0 a 69.0 ab 93.0 
A 告側It~・ナ 93.3 a 96.6 a 96.7油 笛.0a 83.3 曲 53.3 c 63.3 ab 83.1 
tイヨウ約告す 96.7 a 100.0 a 96.7 油 96.7 a 73.3 油 100.0 a 55.2 b 88.4 
B すが舛1t/l't 92.9 a 90.0 a 100.0 a 90.0 ab 86.7 油 100.0a 73.3 ab 90.4 
I:D/lJ>口川 80.0 油 90.0 a 90.0 油 67.8 b 80.0 油 96.7 ab 72.4 ab 82.4 
ワサピ 56.7 b 96.7 a 30.0 c 56.7 b 10.0 c 90.0 ab 66.7 ab 58.1 
c u・知'J~ 76.7 油 86.7 a 80.0 ab 13.3 c o c 67.7 bc 90.0 a 59.2 
n狩>Mf't 10.0 c 80.0 a 23.3 c 11.7 c 13.3 c o d o c 19.8 




植物種 モンシ口チョウ zγグロシロチョウ コナガ ヒ即1・コ付. カ7'う1¥ハ・チ 二本ンカ7'ヲ1vγチ
ナズナ 16.67士0.21 d 9届土0.25c 16.∞土O却 d 22.∞土4.∞ e
舛1t/l・ナ 13.66土0.13a 14.∞土0.11 b 8.00土0.12a 8.39 % 0.14 a 8.60土0.09a 12.50土0.24 ab 
A ~1K1t~'ナ 14.18土0.07a 16.07 % 0.26凶 10.45土0.20ω10.27%0.17b 10.13土0.24b 16.11士0.29d 
イーヨウ量予告ナ 13.48土0.09a 15，57土0.22c 9.∞土0.17 b 6.80士0.10a 9.20土0.11 a 15.61土0.37d 
B 村内初t/l't 14.48土0.26a 12.33土0.14a 8.飴士0.19b 8.85 % 0.12 a 8.67士0.09a 13.27土0.24abc 
1:11/1コ〉日>'J~ 17.48土0.35 b 12.74土0.14a 9.85士0.22c 10.48士0.33 b 9却土0.15b 13.95土0.21bc 
ワサピ 17局士0.75 b 14.14士0.19b 10.78士0.52d 12.41土0.57c 1口調土0.36c 15.65:t 0.25 d 
C II・仰ウ 23.48士0.85c 17.62土0.188 10.92土0.27d 18.50土0.878 17却士0.42d 15.59土0.19d 
Mf>Mf't 31.67土0.88d 20.13土0.67f 13.71士0.648 データなし

















































白 uth訓 I}'nchidiusa伽 suturalisR悌Iofs
Athaia IOS鋪 rlIi伝町市Ja知市v












T倒的recin油 esp.1 (G) 
Phy伽国加n防 IaGou腕 u** (G) 
5yl同組留申・ (G) 
胸帥'Pferatime Furukawa (G) 
Atr8C伽 αpha尉aMotshulsky (G) 
Paradodisma sp. (G) 
G倒 netro化胸S陣・ (U) 
川副脱却時p. (U) 




Amio飽 sp... (U) 
市u励 esp. (U) 
Anthα=oridae叩p. (U) 
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4月 6月 8月 10月
ナズナ 4.105 
件付ハ.ナ 3.989 
A シロイヌナJ.'t 1.000 
セイヨウカラシナ 2.109 1.140 
B オハ・9ネツケハ・ナ 2.375 8.085 2.195 2.283 
ヒロハコンロンソウ 1.080 3.144 3.400 1.413 
ワサピ 1.000 1.021 3.500 1.652 
C スス・シロソウ 1.000 1.091 1.400 3.333 
ハ?サンハ付.オ 1.909 2.000 1.000 
D イヌガラシ 1.909 5.905 5.570 2.855 
植物の特性 植食性昆虫群集の特徴
食書棚 利用種数 総個体数 優占植食者 種多機度
M イプ駈11111閣 少 少~多 アブラナ科γz初I)lトシ， I~ヲリZ ト いろいろ
































に、植食者の寄主適合性と選好性はよく相関するので、(Service.1984; Via. 1986; 
Thompson. 1988)、低い寄主適合性をもたらすCタイプの植物に対する選好性が
低下するよう選択された結果(Futuyma.1983; Thompson & Pellmyr. 1991)、植物上









































た(Carol& Hoffman， 1980; Baldwin & Schultz， 1983)。植物の誘導反応には、組織
内の化学的変化によってもたらされる質的条件の劣化(Carol& Hoffman， 1980; 
Ba1dwin， 1988)がよく知られるが、組織の壊死や器官離脱(Shapiro& DeVay， 1987; 
Williams & Whitham， 1986)、さらには刺、針、毛などの植物体の表面構造が物理
的に変化する例(Myers& Bazely， 1990)も報告されている。
誘導反応には、組織の損失に伴う不可避的な変化と(Bryantet al.， 1983; Bazzaz 






る合理的な防衛機構と考えられる(e.g.Karban & Myers， 1989; Ba1dwin et al.， 1990; 
Karban， 1993)。ところが、防衛の誘導にかかる適応度コストが繁殖パラメータ
の低下などによって検出された例はほとんどなく (e.g.Brown， 1988; Simms & 







れた例はあるものの(e.g.Benz， 1977; Hauki吋a& Niemela， 1977; Rhoades， 1979)、
それが誘導防衛となることが実証された例はいまだにない(e.g.Rausher et al.， 
1993; Karban， 1933)。誘導反応による防衛効果は、変化の開始時間と持続時間、
変化の及ぶ植物組織の範囲、防衛の対象となる植食者の定着性や寿命などの諸


































































































































































































































91.0 (P< 0.001) 100.0 播種後30日の
発芽率(%)



































































0.348 (8/23) 0.128 (6/47) 
L(=a併 b):大型幼虫が成長完了ま
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に有効な化学防衛物質に裏付けられると考えられている(e.g.Bryant et aL， 1991; 
Krischik et a1.， 1991)。したがって、植食者の中にはこのような植物の防衛機構を
無効にする対抗適応を獲得する者も現われると考えられる(Rausheret al.， 1993)。
食害前から活性化されている構成的な化学防衛機構に対する植食性昆虫の対抗

























































































































































? ? ? ? ?
図5・1ワサビ葉上に植食者を閉じ込めるための処理
ワサビの成熟薫から約3cm隠れた葉柄鼠分に実践周フィルム{パラフィ





































































































































経齢幼虫生存率(%) 100.0 92.9 100.0 NS 
摂食停止時体重加g)37.50土1.02 38.65 :t 0.96 38.97 :t 0.98 NS 





1・4齢幼虫生存率(%) 100.0 83.3 NS (P・0.11)


























































































































するロ京都では前者は年 6化、後者は年 4化の生活環を持つ(Ohsaki& Sato， 
1990)。良質のアブラナ科植物資源の総量が減る夏には、両種ともイヌガラシを








































32.4 + 13.1 
34.0土 14.7
61.6土 7.2
13.7 + 2.9 
4.7 + 0.6 
(成虫)4.7 + 0.6* 
51.6土 17.1
54.7 + 25.2 















































































































































































































































? ? ? ? ? ? ? ?
イヌガラシ個体を食い尽くすために必要なモンシロチョウの幼虫数


































































とおり:円(1川町リ).Ln (トピイロ作。).Ff (如何7リ).CI (ヲヤシ1)11・7リ).Cm (ハ 1)7・トシ~1ゲ 19).























































































































































7リ存在株(n=92) 13.90 :t 2.73 
































































17 16 15 14 12 13 
時刻








































E制草 柑閣剖 E剖主 曲柑
10 お
o l o 









00/0 50010 1 000/0 
長角果数(=花数) 34.0 b 35.6 ab 40.4 a ~ 
長角果総延長 (mm) 220.7 b 241.5 b 292.2 a骨 4




E21 • • • 
s緩・眠 a制)() 














































































































σ∞ny， 1975; Rhoades & Cates， 1976)。カラシ油配糖体に前適応してアブラナ科植
物を利用するようになった植食者の一部が、さらにこの化学防衛物質の解毒能
力などを高めてアブラナ科に特殊化したスペシャリストになったと考えられる







































































































































































































































































































Aide， T.M. (1988) Herbivory鎚 aselective agent on the白ningof leaf production in a 
tropical understory community. Nature. 336: 574-575. 
Andow， D. A. and O. Imura (1994) Specialization of phytophagous arthropod 







Augspurger， C. S. (1981) Reproductive synchrony of a tropical shrub: experimental 
studies on effects of pollinators and seed predators on Hybanthus prunifolius 
(Violaceaw). Ecology. 62: 775・788.
Baldwin，1. T. (1988) Short-term damage-induced inαeases in toba，∞o a1kaloids protect 
plants. Oecologia. 75: 367・370.
Baldwin， 1.T.， C. L. Sims and S. E. Kean (1990) The reproductive consequences 
associated with inducible alkaloidal responses in wild tobacco. Eヒology.71: 
252-262. 
Baldwin， 1.T. (1992) Chemical changes rapidly induced by folivory. 1・23.In E. A. 
Bemays (ed.) Insect-Plant Interactions. VoL 5 CRC Press， Boca Raton， Florida. 
Baldwin，1. T. and J. C. Schu1tz (1983) Rapid changes in住民leafchemis住yindu∞dby 
damage: evidence for communication between plants. Science. 221: 277-279. 
Baldwin， 1. T.， M. J. Karb and T. E. Ohnmeiss (1994) All∞ation of lSN 合omni佐ateto 
凶cotine:production and tumover of a damage-induced mobile defense. Ecology. 
-101 -
75: 1703-1713. 
Bazzaz， F. A.， N. R. Chiariello， P. D. Coley and L. F.日記lka.(1987) A11∞a血19
resources ωreproduction and defense. Bioscience. 37: 58-67. 
Belsky， A. J. (1986) Does herbivory benefit plants? A review of the evidence. Am. Nat 
127: 870-892. 
Bent1ey， B. L. (1977) Extraflora1 nec阻riesand protection by pugnacious bodyguards. 
Annu. Rev. Eco1. Syst. 8: 407・427.
Berenbaum， M. R. (1990) Evolution of specia1ization in insect-umbellifer associations. 
Annu. Rev. Entomo1. 35: 319・343.
Berenbaum， M. R.， A. R. Zanger1 and K. Lee (1989) Chemical barriers to adaptation by 
a specialist herbivore. Oecologia. 80: 501-506. 
Bergelson， J.and M. J. Crawley (1992) Herbivory and Ipomopsis Aggrega臼:百le
disadvantage of being eaten. (Notes and comments) Am. Nat. 139: 870-882. 
Bemays， E.and M. Gr油am(1988)α1 the evolution of host spec出cityin phytophagous 
arthropods. Ecology. 69: 886-892. 
Be町yman，A. A. (1988) Towards a unified theory of plant defense. 39・56.InW. J. 
Mattson， J.Levieux and C. Bemard-Dagan (ed.) Mechanisms of woody plant 
defenses against msects. Springer-Ver1ag， N ew Y ork， Berlin， Heidelberg. 
Blau， P. A.， P. Feeny and L. Contardo (1978) A11ylglucosinolate and herbivorous 
ωte甲山ars:Aco凶 astinω，xicityandωleran∞. Science. 200: 1296-1298. 
Brattsten， L. B. (1988) Enzymic adaptations in leaf-feeding insects to host-plant 
allelochemica1s. Journ. Chem. Eco1. 14: 1919-1939. 
Briggs， M. A. and J. C. Schultz (1990) Chemica1 defense production in Lotus 
corniculatus L. 1. Trade-offs among growth， reproduction and defense.α到cologia.
83: 32-37. 
Brown， D. G. (1988) The cost of plant defense: an experimenta1 ana1ysis with inducible 
-102-
proteinase inhibit'Ors inωmaω.伐 cologia.76: 467-470. 
Bryant， J.P.， Chapin， F. S. II and D. R. K1e泊(1983)Carbon/nu住民ntbalance 'Of 
boleal plants in relati'Onωvertebrate herbiv'Ory.αkos. 40: 357-368. 
Bryant， J.P.， F. D. Pr'Ovenza， J.Past'Or， P.B. Reichardt， T.P. Clausen and J. T. du 
T'Oit (1991) Interacti'Ons between w'Oody plan岱 andbrowsing mammals mediated by 
sec'Ondary metabolites. Annu. Rev. Eco1. Syst. 22: 431・446.
Bush， G. L. (1975) Modes 'Of animal speciati'On. Annu. Rev. Eco1. Syst. 6: 334-364. 
Carr'Ol， C. R. and C. A. H'Offman (1980) Chemical feeding deterrent m'Obilized in 
resp'Onse t'O insect herbiv'Ory and c'Ounteradaptati'On by Epilachna tredecimnotata. 
Science. 209: 414-416. 
Cates， R. G. (1975)百leinterface between slugs and wild ginger: s'Ome ev'Oluti'Onary 
aspects. Ecology. 56: 391-400. 
Chew， F.S. (1977) Coev'Oluti'On 'Of pierid butterflies and their cruciferous f'O'Od plants. 
11.τhe dis位ibuti'On'Of eggs 'On potential f'O'Od plants. Evolution. 31: 568-579. 
Chew， F. S. (1988) Searching f'Or defensive chemistry in血eCruciferae， 'Or， d'O 
gluc'Osin'Olates always c'Ontr'Ol interacti'Ons 'Of Cruciferae with their potential 
herbiv'Ores and symbi'Onts? N'O! 81・112.In K. C. Spencer (ed.)αemical Mediation 
ofCoevolution. Academic Press， New Y'Ork. 
C'Oley， P.D. (1983) Herbiv'Ory and defense characteristics 'Of佐'especies泊 al'Owland 
tr'Opical f'Orest. Eco1. Monogr. 53: 209-233. 
C'Oley， P.D. (1986) C'Osts and benefits 'Of defense by tannins in a neo佐opicaltre. 
α∞dogia. 70: 238・241.
C'Oley， P.D.， J.P. Bryant and F. S. Chapin II (1985) Res'Ource availability and plant 
antiherbiv'Ore defense. Science. 230: 895-899. 
C'Ol1inge， S.K. and S. M. Louda (1989) Influence 'Of plant phen'Ol'Ogy 'On the insect 
h町biv'Orefbi附 αessinteracti'On.白cologia.79: 111-116. 
-103-
Connell， J.H. (1961)百leinfluence of intersp∞ific competition and other factors on the 
dis釘ibutionof the barnacle， Chthama1us stelatus. EωJogy. 42: 710・723.
Courtney， S.P. and T. T. Kibota (1990) Mother doesn't know the best: selection of 
hosts by ovipositing insects. 161-188. In E. A. Bernays (ed.) Insect-Plant 
Interactions. Vo1. 2 CRC Press， Boca Raton， Florida. 
Crawley， M. J. (1983) "Herbivory: The Dynamics of Anima1-Plant In伝~ractions"， 
Blackwell， Oxford. 
Crawley， M. J. (1985) Reduction of oak fecundity by low-density herbivore population. 
Na加re.314: 163-164. 
Cushman， J.H. and T. G. Whitham (1989) Conditional mutualism in a membracid-ant 
錨sosiation:temporal， age-specific， and density-dependent effects. Ecology. 70: 
1040-1047. 
David， W. A. L. and B. O. C. Gardiner (1966) Mustard oil glucosides as feeding 
stimulants for Pieris brassicae larvae in a semi-synthetic diet. Ent. Exp. App1. 9: 
247-255. 
Dicke， M and M. W. Sabelis (1988) How plan岱obtainpredatory mites as bodyguards. 
Ne的.Journ. Zoo1. 38: 148国 165.
Dirzo， R. and J. L. Harper (1982) Experimenta1 studies on slug-plant interactions. IV. 
百leperforman∞of cyanogenic and acyanogenic morphs of Trifolium repens in出e
field. Journ. E<刀J.70: 101-117. 
Dominguez， C.A.， R.Dirzo and S. H. Bullock (1989) On the function of flora1 n∞tar 
泊。'Otonsuberosus但uphorbia∞ae).αkos.56: 109-114. 
Dowd， P. F.， C. M. Smith and T. C. Sparks (1983) Detoxification of plant toxins by 
insects. Insect Biochem. 13: 453-468. 
Duffey， S.S. (1980) Sequestration of plant natura1 products by insects. Annu. Rev. 
Enωtmo1. 25: 447・477.
-104-
Dussourd， D. E. and R. F. Denno (1991) Deactivation ofplant defense: correspondence 
between insect behavior and secretory canal architecture. Ecology. 72: 1383・1396.
Edwards， P.J. and S. D. Wratten (1983) Wound induced defenses in plants and their 
consequences for pattems of insect grazing.白 cologia.59: 88-93. 
Edwards， P.J.， S.D. Wratten and S. Greenwood (1986) Palatabi1ty ofBritish trees to 
ins∞ts: constitutive加 dinduced defences. Oecologia. 69: 316値319.
Ehrlich， P.R. and P. H. Raven (1964) Buttβrflies and plants: A study泊 coevolution.
Evolution. 1 8:586田608.
Erickson， J.M. and P. Feeny (1974) Sinigrin: A chemical barrier to the black 
swallowtail butterf1y， Papilio polyxenes. Ecology. 55: 103-111. 
E凶inger，M. G. and A. Kjaer (1968) Sulfur compounds in plants. Rec. Adv. 
Phytochem. 1: 59・144.
Feeny， P. (1975) Bi∞:hemical coevolution between plan岱 andth位 insectherbivores. 
3・19.In L. E. Gi1bert aIld P. H. Raven (eds.) Coevolution of Animals and Plants. 
Univ. ofTexas Press， Austin. 
Feeny， P.(1976) Plant apparency and chemical defence. Rec. Adv. Phytochem. 10: 
1-40. 
Feeny， P. (1977) Defensive ecology of the Cruciferae. Ann. Missouri Bot. Gard. 64: 
221-234. 
Fowler， S.V. and M. MacGarvin (1985)百leimpact of hairy wood ants， Fonnica 
lugubris， on the gui1d structure of herbivorous insects on birch， Betu1a pubescens. 
Journ. Anim.政刀d.54: 847-855. 
Futuyma， D. J. (1983) Selective factors in血eevolution of host choice by phytophagous 
insects. 227-244. In S. Ahmad (ed.) Herbivorous Insects. Academic， New York. 
Futuyma， D. J. and F. Gould (1979) Associations of plants and insects in a deciduous 
forest. Eco1. Monogr. 49: 33・50.
-105・
Futuyma， D. J. & S. C. Peterson (1985) Genetic variation in the use of resources by 
insects. Annu. Rev. Entomol. 30: 217-238. 
Futuyma， D. J. and Philippi， T.E. (1987) Genetic variation and covariation in responses 
to host plants by A1sophila pome臼ria(Lepidoptera: Geometridae). Evolution. 41: 
269-279. 
Gershenzon， J. (1992)百lecost of plant chemical defense against herbivory: a 
bi∞hemical perspective. 105・173.In E. A. Bernays (ed.) Insect-Plant Interactions. 
Vo1. 5 CRC Press， B∞a Raton， F1orida. 
Gould， F.(1979) Rapid host range evolution in a population of the phytophagous mite 
Tetranychus urticae Koch. Evolution. 33: 791・802.
Gould， F. (1988) Genetics of pairwise and multispecies plant-herbivore coevolution. 
13・55.In K. C. Spencer (ed.)臼emicalmediation of coevolution. Academic Press， 
SanDiego. 
Gould， S.J. and E. S. Vrba (1982) Exaptation -a missing term in the science of form. 
Paleobiology. 8: 4-15. 
Grevstad， F.S. and B. W. Klepetka (1992)百leinfluen印 ofplant archi低ctureon the 
foraging efficiencies of a suit of ladybird beet1es feeding on aphids.α':Cologia. 92: 
399・404.
Hagen， K. S. (1986) Ecosystem analysis: Plant cultivars (HPR) ， entomophagous 
species and food supplements. 151-197. In D. J. Boethel and R. D. Eikenbary 
(eds.) Interactions of Plant Resis臼nceand Parasitoids and PredaωiJ'S of Insects. 
Wiley， New York. 
Hairston， N. G.， F. E. Smith and L. B. Slobodkin (1960) Community structure， 
population control， and competition. Am. Nat. 94: 421-425. 
Hare， J.D. (1990) Ecology and management of the Colorado potato beet1e. Annu. Rev. 
Enω111101. 35: 81-100. 
-106-
Hare， J.D. & G. G. Kennedy (1986) Genetic variation in plant-insect associations: 
Survival of Leptinotarsa decemlineata populations on Solanum carolinense. 
Evolution. 40: 1031-1043. 
H訂tgerink，A. P. and F. A. Bazzaz (1984) Seedling聞scaleenvironmental heterogeneity 
influences individual fi.tness and population structure. Ecology. 65: 198-206. 
Hartnett， D. C. (1989) Density-and growth stage-dependent responses to defoliation in 
tworhizomaぬusgrasses. Oecologia. 80: 414-420. 
Haukioja， E. and P. Niemela (1977) Retarded growth of a gωmetrid larva after 
mechanical damage ωleaves of its host tre. Ann. Zool. Pennici. 14: 48-52. 
林匡夫、森本桂、木元新作(1984)原色日本甲虫図鑑(IV)保育社
Heads， P.A. (1986) Bracken， ants and extrafloral nectaries. IV. Do wood ants (Fonnica 
lugubris) pro鈴ct血eplant against insect herbivores? Journ. Anim. Ecol. 55: 
795・809.
Hedge，1. C. (1976) A systematic and geographical survey of the Old World Cruciferae. 
1-45. In J. G. Vaughan， A. J. MacLeod and B. M. G. Jones (eds.) The Biology 
andChemis句1of the Cruciferae. Academic press， N ew Y ork. 
Heinrich， B.and P. H. Raven (1972) Energetics and pollination ecology. Science. 176: 
597-602. 
Hunter， M. D. (1992) In旬ractionswithin herbivore communities mediated by the host 
plant: the keystone herbivore concept. 288-325. In M. D. Hunter， T.Ohgushi and 
P. W. Price (eds.) E的 ctsof Resource Distribution on Animal-Plant Interactions. 
Academic Press， San Diego， California. 
Huxley， C. R. (1986) Evolution of benevolent ant-plant relationships. 257-282. In B. E. 
Juniper and T. R. E. Southwood (ed.) Insects and曲。 plantsu泊 ce.Arnold， 
London. 
Huxley， C.R. (1989) Ants and plants: a diversity of interactions. 1-14. In C. R. Huxley 
-107-
and D. F. Cut1er (ed.) Ant-plant interactions. Oxford， New York， Tokyo. 
Ito， F.and S. Higashi (1991) An indirect mutualism between oaks and wood ants via 




Jaenike， J.(1990) Host specialization in phytophagous insects. Annu. Rev. Ecol. Sysι 
21: 243曲273.
Jakob， F.(1977) Evolution and tinkering. Science. 196: 1161・1166.
Jan却し D. H. (1966) Coevolution of mutualism between ants and acぉi出血 α雌 'al
America. Evolution. 20: 249-275. 
Janzen， D. H. (1976) Why bamboos wait so long to flower. Annu. Rev. Ecol. Syst. 7: 
347-391. 
Janzen， D. H. (1980) When is it coevolution? Evolution. 34: 611-612. 
Jermy， T.(1984) Evolution of insectfhost plant relationships. Am. Nat. 124: 609-630. 
Jones， C. G. and J. H. Lawton (1991) Plant chemistry and insect species richness of 
British umbellifers. Journ. Anim.政刀1.60:767-777. 
Karban， R. (1993) Costs and benefits of induced resistance and plant density for a native 
shrub， Gossypium泊町beri.Eω，logy. 74: 9・19.
Karban， R. and J. H. Myers (1989) Induced plant問sponsesto herbivory. Annu. Rev. 
Eco1. Syst. 20: 331-348. 
Karban， R.and R. E. Ricklefs (1984) Leaf traits and the species richness and abundance 
of Lepidopteran larvae on deciduous trees泊 southemOntario. Oikos. 43: 165・170.
河野昭一(1974)植物の進化生物学第二巻種の分化と適応三省堂
Kennedy， C. E. J. and T. R. E. Southwood (1984)百lenumber of species of insects 




Kima阻， M. and S. Sakamoto (1982) Interrelationships between白 m吋eof 
reproduction and the habi阻tof two weedy Agropyron species， A. tsukushiense and 
A. humidorum， Gramineae. Weed Res. (Japan) 27: 103-111. 
木元新作、滝沢春雄(1994)日本産ハムシ類幼虫・成虫分類図鑑東海大学出版
会
Kinsman， S.and W. J. Platt (1984)百leimpact of a herbivore upon A畳間bilish的u臼， a 
fugitive prairie plant.伐 cologia.65: 2-6. 
北村四郎、村田源 (1961)原色日本植物図鑑(中)草本編 (I)離弁花類保育社
Kobayashi， H.， T. Tominaga and K. Ueki (1986) Oonal variation in the sprouting 
pa悦 rnof the tubers in Eleocharis kuroguwai， a Cyperaceous weed， with special 
referen偲旬itsperennation strategy. Plant Species Bio1. 1: 127・134.
Koptur， S.(1979) Facultative mutualism between weedy vetches bearing extrafloral 
nectaries and weedy ants in California. Am. Journ. Bot. 66: 1016-1020. 
Koptur， S. and J. H. Lawton (1988) Interactions among vetches bearing ex佐'afloral
nectaries，血eirbiotic protective agents， and herbivores. Ecology. 69: 278-283. 
Krischik，V. A.， R. W. Goth and P. Barbosa (1991) Generalized plant defense: effects 
of multiple species.白 cologia.85: 562-571. 
Kuno， E.(1992) Competitive exc1usion through reproductive interference. Res. Popu1. 
Eco1. 34: 275・284.
Leather， S.R. (1986) Insect species richness of the British Rosaceae: The importance of 
host range， plant architecture， age of establishment， taxonomic isolation and 
species-area relationships. Journ. Anim. B∞d. 55: 841-860. 
Letourneau， D. K. (1988) Conceptual framework of three-trophic-level interactions.ト9.
In D. K. Letourneau and P. Barbosa (eds.) Novel Aspects of Insect-Plant 
-109-
Interactions. Wi1ey， New York. 
Levin， D. A. (1973)百lerole of佐ichomesin plant defense. Q. Rev. Biol. 48: 3・15.
Levin， D. A. (1976)百lechemiω1 defenses of plants ωpathogens and herbivores. 
Annu. Rev. Ecol. Syst. 7: 121・159.
Levins， R. and R. H.乱1acArthur(1969) A hypothesis to explain the incidence of 
monophagy. E切dogy.50: 910・911.
Louda， S.(1984) Herbivory effects on stature， fruiting， and leaf dynamics of a native 
αucぜer.Eヒology.65: 1379-1386. 
Mattson， W. J.， R. K. Lawrence， R. A. Haack， D. A. Herms and P-J. Charles (1988) 
Defensive strategies of woody plan岱 againstdifferent insect -feeding guilds in 
relation ωplante∞Ilogical strategies and intimacy of association with insects. 3-38. 
In W. J. Mattson， J.Levieux and C. Bernard-Dagan (ed.) Mechanisms of w，αx1y 
plant defenses against insects. Springer圃Verlag，N ew Y ork， Berlin， Heidelberg. 
Mckey，D. (1979)百ledis凶butionof secondary compounds within plants. 55-133. In 
G. A. Rosenthal and D. H. Janzen (eds.) Herbivores: Their h市ractionswi的
Secondary Plant Me臼boli郎.Academic Press， New York. 
McNaughton， S.J. (1983) Compensatory plant growth as a response to herbivory. 
Oikos. 40: 329・336.
島恒ter，C. and D. R. Brooks (1983) Phylogenetic aspects of coevolution. 65-98. In D. 
J. Futuyma and M. Slatkin (eds.) 0∞volution. Sinauer， Sunderland， 
Massachusetts. 
Moran， N. A. (1988)官官 evolutionof host-plant altemation in aphids: evidence for 
specialization俗 adead end. Am. Nat. 132: 681・706.
Mound， L. A. (1962) Extrafloral nectaries of cotton and their secretions. Emp. Cotton 
Grow. Rev. 39: 254-261. 
Mueggler， W. F. (1972) 1ぱluen∞ofcompetition on the response of bluebunch 
-110-
wheatgrassωclipping. -J. Range Manage. 25: 88・92.
Muraoka， K. and M. Watanabe (1994) A preliminary study of nectar production of the 
field cress， Rorippa加dω，担relationto the age of its flowers. Eco1. Res. 9: 33・36.
Myers， J.H. and D. Bazely (1990) Thorns， spines， prick1es and hairs: are they 
stimu1ated by herbivory and do由eydeter herbivores? 325・344.In M. J. Raupp and 
D. W. Ta1amy (eds.) Phy肱 hemica1Induction by Herbivores. Wi1ey， N ew Y ork. 
Nagasaka， K. (1991) Crucia1 factors detem叫凶ng血espatio-tempora1 dis住ibution
patterns of血reeA的aliasawf1ies feeding on common cruciferous plants. Res. 
Popul. Eco1. 33: 115・128.
Nagasaka， K. (1992) Why does on1y A的aliajaponica enter summer diapause among 





Ohsaki， N. (1979) Comparative population studies of血r即日・erisbutterf1ies， P.rapae， 
P.meletcラ，P.napi， living in the same紅ea.1. Ecological requirements for habitat 
resources in血eadu1ts. Res. Popu1. Eco1. 20: 278・296.
Ohsaki， N. (1986) Body tempera同resand behaviora1 thermoregulation strategies of 
出r即日ierisbutterf1ies in relation to solar radiation. Journ. Ei的01.4: 1・9.
Ohsはi，N. and Y. Sato (1994) Foodplant choice of目。risbuttert1ies 出 atrade-off 
between parasitoid avoidance and in佐insicqua1ity of food plants. Ecology. 75: 
59-68. 
Oja1a， A. (1985) Variation of Angelica archangelica subsp. rachangelica (Apiaceae) in 
no吋lernFennoscandia. Ann. Bot. Fennici. 22: 183-194. 
Ottosen， C. O. (1987) Male bumblebees (Bombs hortorum L. ) as pollinators of 
-111 -
Lonicera 戸ric1J'1ηenumL. in northeastern Zealand， Denmark. F10ra (Jena) 179: 
155-161. 
Paige， K. N. and T. G. Whitham (1987) Overcompensation in responseωmammalian 
herbivory:官leadvantage of being eaten. Am. Nat. 129: 407-416. 
Peet， R. K. (1974) The measurement of species diversity. Annu. Rev. Eco1. Syst. 5: 
285・307.
Price， P.W.， C. E. Bouton， P.Gross， B. A. McPheron， J.N. Thompson and A. E. 
Weis (1980) Interactions among伽民住ophiclevels: Influence of plants on 
interactions between insect herbivores and natura1 enemies. Annu. Rev. Eco1. Syst. 
11: 41-65. 
R吋u，A. J. S. (1989) Reproductive ecology of oc加山η americanumL. and o. 
bac血ヒ凶ηL.(Lamiaceae) in India. Plant高pedωbio1.4: 107-116. 
Rausher， M. D. (1984a) Trade-offs in performance on different hosts: evidence from 
within-and between-site variation in the beet1e Deloya1a gutta臼.Evolution. 38: 
582-595. 
Rausher， M. D. (1984b)百leevolution of habitat selection in subdivided populations. 
Evolution. 38: 596-608. 
Rausher， M. D. (1988) Is coevolution dead? Ecology. 69: 898・901.
Rausher， M. D.， K. Iwao， E. L. Simms， N. Ohsaki and D. Ha1 (1993) Induced 
resistance in Ipomoea purp町ea.Ecology. 74: 20・29.
Renwick， J.A. A. (1988) Comparative mechanisms of host selection by insects 
at阻C柏19pine trees and crucifers. 303-316. In K. C. Spen∞r (ed.)αemica1 
mediation ofαJevolution. Academic Press， San Diego. 
Rhoades， D. F. and R. G. Cates (1976) Toward a genera1 theory of plant antiherbivore 
chemistry. Rec. Adv. Ph，戸vchem. 168-213. 
Rhoades， D. F. (1979) Evolution ofplantchemica1 defense against herbivores. 4-43. In 
-112-
G. A. Rosenthal and D. H. Janz凶作ds.)Herbivores: Their Interactions with 
Secondary Plant Me臼boli郎.Academic Press， New York. 
Schemske， D. W. (1983) Limits to specialization and c∞volution in plant-animal 
mutua1isms. 67幽 109.In M. H. Nitecki (ed.) Coevolution. Univ. Chicago Press， 
Chicago. 
Service， P.(1984) Genotypic interactions in an aphid-host plant relationship: Uroleucon 
rudbeckiae and Rudbeckia lacinia臼.Oe，∞，logia. 61: 271-276. 
Shapiro， A. M. and J. E. DeVay (1987) Hypersensitivity reaction of Brassica nigra L. 
(Cruciferae) kils eggs of Pieris butterflies (Lepidoptera: Pieridae).仇 cologia.71: 
631-632. 
Simms， E.L. (1992) Cost of plant resistance to herbivores. 392-425. In R. Fritz and E. 
L. Simms (eds.) Plant resis臼nce:ecologyand evolution. Univ. Chicago Press， 
Chicago. 
Simms， E.L. and M. D. Rausher (1987) Costs and benefits of the evolution of plant 
de島nceagainst herbivory. Am. Nat. 1 30: 570・581.
Simms， E.L. and M. D. Rausher (1989)官leevolution of resistance to herbivory in 
主XJmoeapurpurea. I. Natural selection by insects and costs of resistance. Evolution 
43: 573-585. 
Smith， L. L.， J.Lanza and G. C. Smith (1990) Amino acid concentrations in the 
extrafloral nectar of hnpatiens sul臼niincre蹴 aftersimulated herbivory. Ecology. 
71: 107-115. 
Sou出w∞d，T. R. E. (1977) Habitat， the templet for ecological s回 tegies?Journ. Anim. 
Eco1. 46: 337-365. 
Stephen， J.R. and C. R. Carroll (1982) Effect of a keystone predaceous却し Solenopsis
gemma臼， on arthropods in a tropical agroecosystem. Ecology. 63: 1979・1983.
Stephenson， A. G. (1982)百lerole of ex佐afloraln民 tariesof CataJpa speciosa in limiting 
-113-
herbivory and increasing fruit production. B∞Ilogy. 63: 663・669.
S佐ong，D. R. (1988) Insect host range. Ecolog)ぺ69:885. 
Strong， D. R.， J.H. Lawton and T. R. E. Southwood (1984) Insects on Plan低
Blackwell Scien凶 cPublications， Oxford. 
Tallamy， D. W. (1985) Squash beet1e feeding behabior: an adaptation against induced 
curcurbit defenses. Ecology. 66: 1574・1579.
Taylor， O. R. Jr. and D. W. Inouye (1985) Synchrony and periodicity of flowering in 
Frasera s戸ciosa(Gentianaceae). Ecology. 66: 521・527.
Thompson， J.N. (1988) Evolutionary ecology of血erelationship between oviposition 
preference and performance of offspring in phytophagous insects. Entmol. Exp. 
Appl. 47: 3-14. 
百lOmpson，J. N. (1989) Concepts of coevolution. Trends Ecol. Evol. 4: 179・183.
Thompson， J.H. and 0， Pellmyr (1991) Evolution of oviposition behavior and host 
preference in Lepidoptera. Annu. Rev. Entomol. 36: 65-89. 
Tilm加， D.(1978) Cherries， ants， and tent caterpi1lars: timing of nectar production in 
間lationωsusceptibilityof cate中ilar伯 antpredation. BωJogy. 59: 686・692.
Usher， B. F. 加 dP. Feeny (1983) Atypical secondary compounds in the family 
Crucifetae: Test for toxicity to pi・erisrapae， an adapted crucifer-feeding insect. 
Entomol. Exp. Appl. 34: 257・265.
Van Emden， H. F. (1972) Aphids as phytochemists. 25-43. In J. B. Harbone (ed.) 
Phytochemical Ecology. Academic Press， London. 
VanEtten， C. H. and H. L. T，∞key (1979) Chemistry and biological effects of 
glucosinolates. 471・500.In G. A. Rosenthal and D. H. Janzen (eds.) Herbivores: 
Their Interactions wi的SecondaryPlant Metaboliω. Academic Press， New York. 
Via， S. (1984a)百lequantitative genetics of polyphagy in an insect herbivore. 1. 
Genotype environment interaction in larval performance on different host plant 
-114-
species. Evolution. 38: 881・895.
Via， S. (1984b)百lequanti也.tivegenetics of polyphagy in an insect herbivore. 1. 
Genetic correlations泊 larvalperfonnance within and among host plants. Evolution. 
38: 896-905. 
Via， S. (1986) Genetic ∞Ivarian∞ between oviposition preference and larval 
perfonnance泊anin路ctherbivore. Evolution. 40: 778・785.
Via， S.(1991) Specialized host plant perfonnance ofpea aphid c10nes is not altered by 
experienω.EωJogy. 72: 1420-1427. 
Weber， G. (1985) Genetic variability in host plant adaptation of the green peach aphid， 
Myzus戸TSicae.Enω1J101. Exp. App1. 38: 49・56.
Williams， A. G. and T. G. whi出創n(1986) Premature leaf abscission:加 dinduced plant 




Yano， S.(1993)百leplastic reproductive allocation of the cruciferous perennial Rorippa 
indica in responseωdifferent degrees of feeding damage. Res. Popu1. Eco1. 35: 
349-359. 
Yano， S. (1994a) Flower nectar of an autogamous perennial Rorippa indica部組
indirect defense mechanism against herbivorous insects. Res. Popu1. Eco1. 36: 
63・71.
Yano S. (1994b) Ecological and evolutionary interactions between wild crucifers and 
血出herbivorousinsects. Plant Species Biology. 9: 137-143. 
Yano， S.and N. Ohsaki (1993)官官 phenologyand in凶nsicquality of wild crucifers 
血瓜 determinethe community structure of their herbivorous insects. Res. Popu1. 




Zangerl， A. R.， M. R. Berenbaum and J. K. Nitao (1991) Parthen∞arpic仕uitsin wild 
parsnip: decoy defense against a specia1ist herbivore. Evo1. B.沼1.5: 136・145.
Zangerl， A. R. and M. R. Berenbaum (1993) Plant chemis佐y，insect adaptationsωplant 
chemis住y，and host plant utilization pattems. Ecology. 74: 47δ4. 
-116-
